Objective To determine the diagnostic accuracy of endoscopic follow-up for gastric ulcers. Methods All cases of gastric ulcers diagnosed at our teaching hospital between September 2005 and November 2011 were reviewed. The cases were selected by using ENDOBASE, an endoscopy documentation system. The characteristics of the ulcers and their histology were analysed. Results During the study period 321 cases with a gastric ulcer were diagnosed, including 214 benign ulcers (67 %) and 107 malignant ulcers (33 %). The mean age of the population was 71 years. In 200 patients (62 %) the ulcers were classified as benign appearing at the first endoscopy. However, in five of these patients, the ulcers eventually were malignant. In all of these five patients the index gastroscopy revealed a non-benign histology. Therefore, the sensitivity of a benign appearance of the ulcer in combination with histology at the first endoscopy is 100 % to rule out malignancy. In 121 patients (38 %) the ulcers were explicitly labelled as potentially malignant in the report of the first endoscopy. Of these potentially malignant-appearing ulcers, 102 (84 %) were indeed malignant as confirmed by histology. The other 19 ulcers (16 %) were benign at follow-up. The sensitivity of the three potential malignant characteristics at endoscopy was: dirty base 79 %, elevated border 94 % and irregular border 91 %. The specificity was 93, 82 and 89 %, respectively. The median diameter of the ulcers was significantly higher in the malignant group compared to the benign ulcer group (p \ 0.0001). The accuracy of endoscopic malignancy diagnosis was as follows: sensitivity of 0.98 and specificity 0.84, positive predictive value 0.84 and negative predictive value 0.98. In total, 546 gastroscopies were performed in these 321 patients, of which 225 were follow-up endoscopies. By not monitoring ulcers considered benign in both appearance and histology, 173 gastroscopies would not have been performed, resulting in a decline of 77 % of the follow-up endoscopies performed. Conclusion Endoscopic follow-up of gastric ulcers considered benign by appearance and with benign histology showed no additive value in detecting unsuspected malignancy in this study. This strategy could reduce health costs and save distress to patients.
Introduction
Gastroenterologists often encounter gastric ulcers. The yearly incidence is more than 5 per 1,000 adults [1] . Gastric ulcers are associated with the use of ulcerogenic drugs such as non-steroidal anti-inflammatory drugs (NSAIDs) and aspirin. Other important causes of gastric ulcers are Helicobacter pylori infection and malignancy.
Current European guidelines [2] [3] [4] are based on the publications in the late 1970s and early 1980s [5] [6] [7] [8] and advise follow-up endoscopy for all gastric ulcers until healing is confirmed in order to exclude malignancy. Also, in the USA and Canada routine follow-up for gastric ulcers is a common practice.
Whether all gastric ulcers should be surveyed until healing is still being discussed [9] [10] [11] [12] [13] . There are also contradictory results about the improvement of survival secondary to an endoscopic follow-up strategy [13, 14] . An analysis of a cohort of 60-year-old males with presumed benign ulcers in the USA showed that follow-up surveillance increased life expectancy by only 10 days. This same study stated that surveillance is unlikely to be cost effective unless the prevalence of gastric cancer exceeds 6 % [14] .
Previous studies reported that 2-5 % of the benignappearing ulcers are ultimately malignant [15] . The overall endoscopic and biopsy accuracy rate is reported as high as 99 % [16, 17] .
The aim of this study was to determine the diagnostic accuracy of endoscopic follow-up of patients with a gastric ulcer with emphasis on endoscopic hallmarks of malignancy and histology at the first endoscopy.
Patients and methods
All cases of gastric ulcers diagnosed at our teaching hospital in The Netherlands between September 2005 and November 2011 were reviewed. The cases were selected by using ENDOBASE, searching for the terms 'gastric ulcer' and 'gastric tumour'. ENDOBASE is a documentation system that captures endoscopy information including the reports and pictures. Whether the endoscopic report contained an explicit suspicion of malignancy was noted. A rigid definition of a malignant appearance was not applied but all endoscopists used common criteria. Three specific potential malignant characteristics of the ulcer(s), i.e. a dirty base, elevated or irregular border of the ulcer, were separately reviewed. The base was considered 'dirty' if areas with necrosis and irregularity of different colours were present. The border was considered 'elevated' if raised in proportion to the centre of the base and the mucosa surrounding the ulcer. The characteristic 'irregular' was given to asymmetrical borders. Examples of benign and malignant ulcers are shown in Fig. 1 .
Appearance as described in the report was evaluated in combination with histology of the first endoscopy. The size of the ulcers and their localisation in the stomach were registered as well. Finally, we registered ulcerative medication use and Helicobacter pylori infection. All endoscopies were performed by experienced board-certified gastroenterologists using conventional white light imaging (C-WLI) only. The endoscopies were performed for a wide range of indications of which nausea, vomiting and anaemia were the most prevalent.
The hospital policy was to follow up every ulcer endoscopically until healing had occurred. Biopsies of the scar after complete healing were not taken in a standardised way but individualised. The cases that were not followed up endoscopically until healing were only considered benign if the patients presented at our hospital a year or longer after the latest gastroscopy without specific gastrointestinal complaints and did not need to undergo a new gastroscopy. In case patients were not present at our hospital after the last gastroscopy the national pathology database (PALGA) was consulted to exclude gastric malignancy diagnosed in another hospital.
We excluded patients in whom healing of the ulcer was not confirmed endoscopically and who died within 1 year after index endoscopy.
Proportional differences were tested for statistical significance with the v2 test or Fisher's exact test.
Results
During the 6-year period 341 patients with gastric ulcers were diagnosed. We excluded 20 cases because they were not followed up until healing and the patients died within a year after the initial endoscopy, thereby making the probability of excluding malignancy too low. Of the 321 patients included in this study, 214 were finally benign and in 107 patients the ulcers were proven malignant histologically. The demographic features of the two groups are shown in Table 1 .
The classification of a benign ulcer was based on followup endoscopy until complete healing had occurred in 149 (69.9 %) patients. In 43 of the remaining 65 cases, the patients presented at least 1 year after the initial endoscopy at our hospital without gastrointestinal complaints and without the need for another endoscopy being performed. These cases were therefore considered benign. The other 22 patients were not present at our hospital more than 1 year after the ulcer had first been noted. These patients were also considered as having benign ulcers because in none of them was gastric malignancy registered in our national pathologic database (PALGA). In Fig. 2 we present a flow chart of the 321 patients with a gastric ulcer with comparison of the endoscopic impression and definite histologic diagnosis.
Benign-appearing gastric ulcers at first endoscopy
In 200 patients the ulcer was classified as benign appearing at the first endoscopy. However, in five of these patients (2.5 %) the ulcer was proven malignant pathologically. In all of these five neoplasms the biopsies taken at the index gastroscopy revealed a non-benign histology. Malignancy was confirmed first by histology in four cases and in the other case the biopsies of the index endoscopy revealed severe dysplasia.
The accuracy of endoscopic malignancy diagnosis was as follows: sensitivity of 0.98 and specificity 0.84, positive predictive value 0.84 and negative predictive value 0.98.
Malignant-appearing gastric ulcers at first endoscopy
In 121 patients the ulcers were explicitly labelled as potentially malignant in the report of the first endoscopy. Of these 121 ulcers, 102 (84.3 %) were indeed malignant as confirmed by histology. The definite histology was Fig. 1 Examples of patients with benign and malignant ulcers. a A 3-cm-large ulcer at the lesser curvature. The ulcer is clean based, has no elevated border and is symmetrical. At follow-up endoscopy 4 weeks later a scar is visible and biopsy confirmed no malignancy. b A 7-mm ulcer located in the antrum. The ulcer is clean based, shows no elevated borders and has regular borders. Histology showed no malignancy and healing was confirmed during follow-up endoscopy. c A 15-mm ulcer located at the angulus with a slightly raised border. This ulcus is clean based but has an irregular border. The endoscopic report contained an explicit suspicion of malignancy. The histology demonstrated adenocarcinoma. d An ulcer of 3 cm diameter located at the lesser curvature. The ulcer is dirty based, has an elevated border and is irregular. The histology confirmed the suspicion of malignancy Follow-up endoscopy for benign appearing gastric ulcers 805 intestinal type adenocarcinoma in 71 patients (70.3 %), diffuse type adenocarcinoma in 13 cases (12.9 %) and lymphomas in 14 patients (13.9 %); in 2 patients the ulcer was a gastrointestinal stromal tumour and 1 malignant ulcer was a metastasis of breast cancer. The TNM stage of the 84 patients with an adenocarcinoma is shown in Table 2 . In ten patients the ulcer was labelled as potentially malignant according to its appearance by the endoscopist but the malignant histology had not yet been confirmed at the index endoscopy. Therefore, the sensitivity of a benign appearance of the ulcer in combination with benign histology at the first endoscopy is 100 % to rule out malignancy.
The sensitivity of the three potential malignant characteristics of the ulcer at endoscopy were dirty base 79 %, elevated border 94 % and irregular border 91 %. The specificity of these characteristics was 93, 82 and 89 %, respectively.
Location and size of the gastric ulcers
The location of the ulcers is described in Table 3 . Most of the gastric ulcers were located in the antrum (55.5 %). The antrum was also the predominant location of benign ulcers. Only 18 % of the ulcers located in the antrum were malignant. Markedly, 82.6 % of the ulcers located in the cardia and 45 % of the ulcers in the corpus were malignant. The distribution of the benign or malignant aetiology of the ulcers is not equal, as shown in Table 3 .
The size of the ulcers is reported in Table 4 . Of all gastric ulcers, 40.3 % were smaller than 1 cm in size and in 98 % of these patients the ulcers were classified as benign. In contrast, 30.5 % of the patients had an ulcer of more than 3 cm and the rate of malignancy in this group was as high as 86 %. The size of the ulcers was significantly higher in the malignant group compared to the benign group (p \ 0.0001).
Medication use
The medication use of the patients is shown in Table 5 . NSAIDs were more used among the patients with benign lesions. Fig. 2 Flow chart of the patients with a gastric ulcer with comparison of the endoscopic impression and definite histologic diagnosis Reducing health costs by not performing follow-up endoscopy
In total 546 gastroscopies were performed in 321 patients with a gastric ulcer, of which 225 were follow-up endoscopies with a maximum of 7 gastroscopies to confirm healing in 2 patients. By not monitoring ulcers considered benign in both endoscopic appearance and histology, 173 gastroscopies would not have been performed, resulting in a reduction of 77 % of follow-up endoscopies. In our hospital, the costs of a gastroscopy are approximately €400. Therefore, potentially almost €70,000 could have been saved by not performing follow-up endoscopy during the 6-year study period.
Discussion
The aim of this study was to assess the diagnostic accuracy of endoscopic follow-up for gastric ulcers. We were driven by the question of whether there is a need to perform follow-up endoscopy in case of a benign-appearing ulcer with benign histology. This study demonstrated that surveillance endoscopy was not needed in our population in case of gastric ulcers both considered benign by appearance and with benign histology at the first endoscopy because it did not reveal an unsuspected malignancy during follow-up. The sensitivity and specificity of the potential malignant endoscopic characteristics were high. The sensitivity of endoscopic suspicion in combination with histologic examination at the first endoscopy was 100 %, which is in line with the 99 % accuracy of endoscopic characteristics in combination with histologic analysis found by others [11, 17] . Also, Manas et al. [9] discovered only one malignancy among the 279 second-look endoscopies performed in their prospective study. Bustamante et al. [18] confirmed the highly accurate endoscopic impression concerning the nature of gastric ulcers. In this retrospective study histology was taken from 341 ulcers. The endoscopic impression compared to the histologic diagnosis showed the following results: positive predictive value 0.68, negative predictive value 0.98, sensitivity 0.82 and specificity 0.95. The endoscopist initially had an uncertain opinion in all three cases in which the first pathology report was benign but nevertheless malignant in repeat histology.
We are aware that the three characteristics used to describe the ulcers are subjective and during the study period, for example, chromoendoscopy or magnifying narrow band imaging in combination with conventional white light imaging was not used routinely to determine the ulcer further. Both image-enhanced endoscopic techniques have been proven to be more accurate in conjunction with C-WLI than only using C-WLI in the diagnosis of early gastric cancer [19, 20] .
In our study we found a relatively high proportion of malignant ulcers (33 %) compared to 8-12 % in other studies [9, 18] . A possible explanation for the high proportion of malignancy in our study is that the ulcers that were not suspicious for malignancy were not registered using the key word ''gastric ulcer'' in ENDOBASE but were labelled as ''erosive gastritis'', for example. However, we assume this does not negatively influence our study results because no malignant cases would have been missed. This could underline even more the accuracy of the evaluation made by the endoscopist.
The size of the ulcer and location in the stomach were associated with a high risk of malignancy. This study underlines that ulcers bigger than 3 cm usually have a malignant origin. We also showed that in most cases ulcers located in the cardia, and to a lesser extent in the corpus, were malignant neoplasms. Our results are in line with the study by Koçak et al. [21] . In this retrospective study 278 patients with a gastric ulcer were analysed. The highest risk of malignancy was related to localisation in the cardia (74 %) and the corpus (54.2 %). Also, in this study the likelihood of malignancy of gastric ulcers was closely related to the tumour size ranging from a malignancy percentage of 1.2 % in ulcers smaller than 1 cm to 72.5 % in ulcers bigger than 5 cm. Apart from the known endoscopic features of malignancy such as a dirty base, elevated or irregular border, the endoscopist should therefore also take the size and location of the ulcer in consideration when determining if an ulcer is potentially malignant. The need for adequate biopsies is well known. Graham et al. [15] demonstrated in a prospective study that the yield of correct diagnosis in case of gastric cancer increases from 70 to 95 % if four biopsy specimens are taken instead of only one. In our institution multiple biopsies are usually taken from the edge and centre of the ulcer. Because of this adequate biopsy protocol all of the five benign-appearing neoplasms at the first endoscopy that were ultimately malignant were not missed and were eventually well classified.
NSAIDs, including aspirin, increase the risk of developing gastroduodenal ulcers. The risk of ulcer as a complication amongst NSAID users has been estimated to be between 25 and 35 % [22] . In our study, as expected, the use of NSAIDs was higher amongst the cases with benign ulcers compared to malignant ulcers. Interestingly, there was no difference in the use of aspirin between the malignant and benign subgroups of patients.
Strong aspects of our study are the large number of patients included, long follow-up in the study period and strict patient selection. Also, the chance of falsely labeling an ulcer as benign was minimised by the PALGA search in the national pathology database for possible gastric malignancy detected in other hospitals. All endoscopies were conducted in the same hospital, which used a strict biopsy protocol for gastric ulcers.
A minor drawback of this study is its retrospective design. However, we could retrieve almost all the important information because we used an automated endoscopy documentation system that includes standard text blocks to describe size and other characteristics of the ulcer, for example.
In conclusion, we consider that surveillance endoscopy should be individualised instead of being the standard of care. This study suggests that surveillance is only needed for malignant-appearing ulcers with benign histology at the first endoscopy, especially if the ulcer is located at the cardia or corpus, or is bigger than 3 cm. Also, if histology is suspicious but not yet definite for malignancy, the patient needs endoscopic surveillance with repeat biopsy from the edge and centre of the ulcer.
Abandoning the current guidelines and not performing follow-up endoscopy in patients with benign-appearing ulcers and no dysplasia in histology would save the patients a lot of distress and could reduce hospital costs. However, before abandoning the current guidelines a prospective study with larger numbers of patients is needed to further minimise the small risk of missing gastric cancer by not performing surveillance endoscopy.
